We present a spatially resolved study of the relation between dust and metallicity in the nearby spiral galaxies M 101 (NGC 5457) and NGC 628 (M 74). We explore the relation between the chemical abundances of their gas and stars with their dust content and their chemical evolution. The empirical spatially resolved oxygen effective yield and the gas to dust mass ratio (GDR) across both disc galaxies are derived, sampling one dex in oxygen abundance. We find that the metal budget of the NGC 628 disc and most of the M 101 disc appears consistent with the predictions of the simple model of chemical evolution for an oxygen yield between half and one solar, whereas the outermost region (R ≥ 0.8 R 25 ) of M 101 presents deviations suggesting the presence of gas flows. The GDR-metallicity relation shows a two slopes behaviour, with a break at 12+log(O/H) ≈ 8.4, a critical metallicity predicted by theoretical dust models when stardust production equals grain growth. A relation between GDR and the fraction of molecular to total gas, Σ H 2 /Σ gas is also found. We suggest an empirical relationship between GDR and the combination of 12+log(O/H), for metallicity, and Σ H 2 /Σ gas , a proxy for the molecular clouds fraction. The GDR is closely related with metallicity at low abundance and with Σ H 2 /Σ gas for higher metallicities suggesting ISM dust growth. The ratio Σ dust /Σ star correlates well with 12 + log(O/H) and strongly with log(N/O) in both galaxies. For abundances below the critical one, the 'stardust' production gives us a constant value suggesting a stellar dust yield similar to the oxygen yield.
INTRODUCTION
The study of the chemical evolution of galaxies is a powerful way to understand of their history of star formation and evolution. Nucleosynthesis of the different chemical elements occurs in stars of different masses and lifetimes that inject their metal production into the interstellar medium (ISM) across the galaxies. Chemical abundances of stars and ISM in star forming disc galaxies are observed to be different depending on the precise location in the galaxy, most frequently defining spatial gradients that reflect its star formation and chemical history. Massive gas flows have proven E-mail: jvm@iaa.es, Visiting fellow, Institute of Astronomy, University of Cambridge to be an essential ingredient in order to explain the observed shapes of the abundance gradients in disc galaxies. In particular outflows, and especially selective enriched outflows, were postulated for virtually all galaxies; mainly because they seem to be an efficient mechanism to decrease the yield of the chemical system (e.g. Dalcanton 2007) , though some discussion is still open (e.g. Silich & Tenorio-Tagle 2001; Gavilán et al. 2013 ). On the other hand gas inflows are a key ingredient in most chemical evolution codes as well as in accretion models of galaxy formation.
There is an important amount of work in the literature devoted to study the (inter)relation between the properties of disc galaxies, notably spirals, and their chemical evolution parameters. Large part of this work is based on galaxy global properties (e.g. from SDSS), i.e. under the one point-one galaxy scheme. Spatially resolved chemical evolution studies can provide new useful information. Studying the chemical evolution of discs at spatially resolved scales imposes strong constraints (e.g. to selective metal outflows) linked to galaxy structure and dynamics. For example, supernova driven galactic winds (e.g. Larson 1974; Matteucci & Chiosi 1983) departing from closed-box evolution, would only produce substantial decrease of the retaining fraction of processed gas for galaxies with rotation velocities lower than some 160 km/s (e.g. Heckman et al. 2000; Pilyugin et al. 2004; Tremonti et al. 2004) .
A useful empirical indicator of the efficiency of the enrichment of the interstellar gas in heavy elements is the "effective yield" (Edmunds 1990; Dalcanton 2007) , a quantity that measures how much the metallicity of a galaxy deviates from what would be expected for a system with the same gas mass fraction, but that have evolved in a closed box framework, i.e. where flows of gas (inflow or outflow) are not allowed (see Sect. 3.1) . As shown by Dalcanton (2007) , in fact only metal-enriched outflows can reduce the effective yield of gas-rich systems by a substantial amount. For gas-poor systems, chemical yields are difficult to be changed irrespective of the amount of gas lost or accreted, though.
The study of outflows and inflows of gas are important to understand the chemical evolution of galaxies since both processes are directly related to the large reservoirs of neutral and molecular gas and also circumgalactic material embracing star forming galaxies (e.g. Tumlinson et al. 2017 ). This external reservoirs can be metal enriched from supernova winds leaving chemically processed gas. Models can include also external gas infall, either pristine or enriched. Though frequently overlooked, incorporating spatially resolved chemical abundances, e.g. O/H radial gradients, can add new constraints to chemical evolution modelling. Also, spatially resolved information on the ratio of secondary to primary elements (e.g. nitrogen to oxygen ratio, N/O, versus O/H) can tell us on the relative roles played by flows, the star formation efficiency, or possible delays in the delivery of the nucleosynthesis of low and intermediate mass stars, among other clues (e.g. Henry et al. 2006; Mollá et al. 2006; De Vis et al. 2017; Henry et al. 2018) .
Much of the work done for samples of galaxies has used single aperture abundances (e.g. Zaritsky et al. 1994; Garnett 2002; Tremonti et al. 2004 ) losing the wealth of information across e.g. spiral discs, whereas recent integral field spectroscopy surveys (e.g. CALIFA; MANGA, SAMI; VENGA) have provided new spatially resolved data. Measuring chemical abundance for many positions across galaxies -from center to outskirts-allows a better characterisation of the metallicity spatial profile along the discs that, together with the gas mass fraction profile, give strong constraints on the effective yield and chemical modelling. The abundance profiles of O/H and N/O, taken together with their corresponding gas and stellar surface density, can inform us also on how and when gas inflows and/or outflows are present, modulating the chemical, ionising and mechanical feedback of each star forming complex on the molecular clouds and dust reservoirs. These feedback mechanisms could affect the places where dust growth is believed to be produced, eventually leading to e.g. grain destruction from supernova blast waves and (possibly also) winds shocks or intense radiation fields.
Together with metallicity and gas, dust is also directly related, via its formation and destruction channels, to the chemical evolution of galaxies. Dust constitutes a fundamental ingredient for star formation and chemical evolution often overlooked in the metal balance across galaxies. Dust is an essential component of the ISM; absorbs and scatter the light from stars and reemits in the infrared dominating the spectral energy distribution in this range. Dust grains are intimately related to the formation of molecular hydrogen, both providing substantial cooling, of especial relevance at very low metallicity (e.g. Omukai et al. 2005; Schneider et al. 2006) .
A detailed description of the physics and the chemical properties of dust, grain distribution and composition in the ISM is out of the scope of this work and can be found elsewhere (e.g. Asano et al. 2013a,b; Rémy-Ruyer et al. 2014; Hirashita & Harada 2017; Galliano et al. 2017) . Dust production and destruction and dust content evolution involve very complex physics and different chemical processes competing, in practice, through diverse channels which, in turns, modulate the final dust to gas mass ratio (GDR) (e.g. Asano et al. 2013a; Zhukovska 2014; Galliano et al. 2017 ). Production by evolved stars and supernovae adds to the dust budget, and the overall dust yield from stellar sources (basically AGB stars and some SNe II) can be evaluated for a given IMF and star formation rate history. Nonetheless, stellar related dust production alone does not support current observations, and growth of grains in the ISM is needed especially in high metallicity environments.
Models of the dust content in galaxies (e.g. Asano et al. 2013a) show how an increasing rate of dust mass growth in the ISM can dominate dust production by stars assuming constant star formation. Also Zhukovska (2014) has included the effects of episodic star formation histories on the ISM dust growth. On the other hand, destruction of dust can be easily produced due to supernova shocks (Bianchi & Schneider 2007) , and also intense UV radiation fields have been proposed to affect to the carbonaceous dust population (De Vis et al. 2017) . A critical metallicity has been defined by Asano et al. (2013a) which discriminates between these two main ISM dust regimes which should be seen when analysing the GDR as a function of the gas oxygen abundance, assuming different star formation time scales or a bursty star formation scheme (e.g. Zhukovska 2014). Rémy-Ruyer et al. (2014) studied the GDR versus oxygen abundance relation for an extended sample of star forming galaxies, including from dwarfs to large spirals. Using models from Zhukovska (2014) and Asano et al. (2013a) , they showed the scatter they obtain in this relation could be explained for a range of chemical evolution models and star formation timescales and suggested two main trends with metallicity. It is important to bear in mind that the derivation of the GDR is complex and can suffer from several effects; among them the conversion of CO observations into molecular gas content is a large factor of uncertainty, and the impact of the CO-dark gas fraction, as well as the dust model or the COchemical abundance gradients; i.e. the lower oxygen abundance favouring the prominence of more atomic gas and more CO-dark gas, probably due to a lower shielding of dust and self-shielding, as suggested for the lower metallicity outer Milky Way (e.g. Giannetti et al. 2017) . Recent studies of spatially resolved galaxies (e.g. Sandstrom et al. 2013 ) have tried to minimise the uncertainty in the CO-H 2 conversion factor on kpc scales. Casasola et al. (2017) have presented a new database of gas and dust profiles for a large sample of galaxies, proposing another recipe to tackle this problem.
It is clear that the star formation history, metal content and chemical evolution across a star forming galaxy should appear tightly related to the observed dust content. A detailed study relating the dust content and metallicity in galaxy discs using high quality data is timely. We need to combine chemical abundances and physical conditions of the ISM with a precise determination of the dust content and evolution. We have selected the nearly face on nearby galaxies NGC 5457 (M 101) and NGC 628 (M 74) as prototype objects to carry out this study. They have a similar mass (log M /M ≈ 10.2) though very different chemical and structural properties and environment. The global budget of metals and dust across M 101 and NGC 628 are derived from various datasets covering a large range of diagnostics (optical spectroscopy of the ionised gas, multi-band spectrophotometry of the stars, dust and gas, radio and mm observations of their neutral and molecular gas) analysed consistently. The GDR and the empirical spatially resolved (effective) metal yield across the discs of both galaxies are derived, sampling one dex range in O/H. Here we empirically explore the presence of a relationship between GDR and chemical abundance across both galaxies, discussing the effects of their different chemical evolution, from their effective yield spatial profiles to the dust yield and ISM dust growth. This paper is organised as follows: in Sect. 2 we describe the data sets used and provide a description of the two selected galaxies. The main results obtained in this work are detailed in Sect. 3. The final discussion, Sect. 4, and main conclusions, Sect. 5, are presented.
SAMPLE AND DATA
The galaxies M 101 (NGC 5457) and NGC 628 (M 74), are the two selected nearby well resolved spirals taken as representative examples of their class. M 101 is a nearly face on (inclination 18 • ) large spiral located at 7.4 Mpc distance. The galaxy shows a well-known asymmetry of the disc and an asymmetric plume towards larger radius seen in deep exposures consistent with a very extended HI disc to the northeast (Mihos et al. 2013) , a footprint of possible past interactions with the nearby galaxies NGC 5477 and NGC 5474. M 101 general properties are presented in Table 1 . NGC 628 (M 74) is a giant late type spiral galaxy located at a distance of 7.2 Mpc and seen practically face on (inclination 5 • ). The adopted properties for NGC 628 are shown in Table 1. NGC 628 presents an ideally suited large extended spiral structure and an undisturbed optical profile. M 101 and NGC 628 have been observed at all wavelength ranges relevant for this study, belong to the KINGFISH (Key Insights on Nearby Galaxies: a Far-Infrared Survey with Herschel) sample ) and high quality photometric and spectroscopic data are available for them. Finally, both galaxies have been observed as part of the CHAOS (CHemical Abundances of Spirals) project (Berg et al. 2015; Croxall et al. 2016 ) that derives estimates of the electron temperatures and direct chemical abundances for a large number of H ii regions. The structure of both galaxies has been studied within the Spitzer Survey of Stellar Structure in Galaxies (S4G) (Sheth et al. 2010 ) and they have been classified (surface brightness profile decomposition performed) as hosting a pseudobulge, which appears especially notable in M 101. In Fig. 1 we show RGB images of both galaxies.
Chemical abundances

Ionized gas
Chemical abundances of a large number of H ii regions in M 101 have been obtained in several works, notably van Zee et al. (1998) , Kennicutt et al. (2003) , Bresolin (2007) and Li et al. (2013) . In this work we use only abundances derived directly using measurements of the electron temperature sensitive lines. We avoid chemical abundances derived from either empirical or photoionisation models calibrations; though a plethora of different abundance calibrations is available they can suffer from substantial uncertainties and systematics (see e.g. Li et al. 2013) . Therefore here we have adopted the abundance gradient of oxygen and nitrogen from Croxall et al. (2016) who derived direct abundances (i.e. using the measurements of electron temperature) for a total of 109 H ii regions, including updated abundances from the aforementioned references. The radial oxygen abundance gradient shows a well defined negative slope with a relatively low scatter. We adopt here the following abundance gradients expressions as a function of radius normalised to Chemical abundances for NGC 628 H ii regions have been derived in a number of papers. We note the integral field spectroscopy studies performed by Rosales-Ortega et al. (2011) , which produced an extended mosaic of the galaxy and, more recently by Rousseau-Nepton et al. (2018) using SITELLE 1 large field fourier transform spectrograph. However in these two works direct derivation of abundances is lacking, as it is also the case of Ferguson et al. (1998) who observed several H ii regions beyond NGC 628 optical radius. The oxygen abundance gradient has been recently derived for the inner ≈7 kpc disc of NGC 628 by Belfiore et al. (2016) though using bright line abundance calibrations. Direct chemical abundances have been obtained by Berg et al. (2013) and Berg et al. (2015) for the largest number of NGC 628 H ii regions with electron temperature measurements to date. The radial abundance gradients of O/H and N/O obtained in the last reference have been adopted in this work. It is surprising the large variance seen in the O/H abundance, which shows scatter along galactic radius. In contrast, the N/O radial gradient appear well defined with a negative slope and low scatter. Berg et al. (2015) suggest various explanations for the scatter such as the selection of the corresponding electron temperature across the ionisation structure of the H ii regions, an effect which should Berg et al. (2015) . The zero points of M 101 and NGC 628 O/H and N/O radial gradients are very similar, to within the errors, though the O/H slope is flatter for NGC 628 presenting a higher O/H abundance than M 101 along the disc within the optical radius. In the case of N/O the difference in the gradient slopes seems less enhanced (though still apparent in the same sense). The radial profiles of the gaseous abundances, and corresponding uncertainties, adopted for M 101 and NGC 628 are shown in Fig. 2 .
Stars
The M 101 stellar metallicity has been derived by Lin et al. (2013) fitting evolutionary population synthesis (Bruzual & Charlot 2003) Croxall et al. (2016) ) are 12+log(O/H) = 8.716 at R=0, and 12+log(O/H) = 8.32 at R=15 kpc. The derived stellar metallicity values are smaller than the corresponding gas metallicity in the inner region and slightly higher at R=15 kpc, but still within the uncertainties of 0.2 to 0.3 dex reported (Lin et al. 2013) . The stellar metallicity radial profile, and corresponding uncertainty band, finally adopted for M 101 is shown in the bottom-left panel of Fig. 2 .
For NGC 628 we have adopted the stellar metallicity results by Sánchez-Blázquez et al. (2014) . These authors performed a detailed spectroscopic population synthesis (Sánchez-Blázquez et al. 2006, MILES) fitting to the PINGS integral field spectroscopy data of this galaxy from Rosales-Ortega et al. (2011) . Spatially integrated spectra of different regions of this galaxy defined via a Voronoitessellation binning scheme were fitted. The radial profile for R < 0.5 R 25 of mass-weighted metallicity for NGC 628 as derived by Sánchez-Blázquez et al. (2014) has been adopted in this work, and is presented in the bottom-right panel of Fig. 2 .
Gas masses and radial profiles
We use the data from three different surveys: H i observations from 'The H i Nearby Galaxies Survey' (Walter et al. 2008 ) and 12 CO(2-1) from HERACLES (Leroy et al. 2009 (Leroy et al. , 2013 to derive H i and H 2 gas masses, and far-IR observations from KINGFISH to obtain dust masses over the disc of the two galaxies.
The H i and CO images were convolved to the spatial resolution of 500 µm image from Herschel using the dedicated kernels from Aniano et al. (2012) , and regridded to the same pixel scale of 14 . The description of the process is presented in Sandstrom et al. (2013) . For the H i , we assume the uncertainties to be the larger of either 0.5 M /pc 2 or 10% of the measured column density, as in Sandstrom et al. (2013) . The CO uncertainties are estimated from the propagation of uncertainties through the different steps involved in creating the integrated CO line map (see Sandstrom et al. 2013) .
In order to derive the amount of neutral gas mass we need to make use of the X CO factor and the line ratio R 21 =(2-1)/(1-0). For R 21 we use a value of 0.7, following Sandstrom et al. (2013) . We assume X CO to vary over the disc following the metallicity gradient as X CO ∝ (Z) −1 . The values of X CO derived here agree in general with those obtained by Sandstrom et al. (2013) for both galaxies. A factor of 1.37 is applied to the molecular gas masses to take into account the He contribution. Radial profiles of H i , H 2 , and total gas mass for M 101 and NGC 628 are presented in the left and right panels of Fig. 2 , respectively. In the top panels we see that while NGC 628 presents CO emission up to a radii of ∼ R 25 , M 101 CO emission is restricted to the central R ≤ 0.7 R 25 . In order to study how the adopted X CO factor can affect the derivation of the molecular gas mass we have applied also a constant X CO factor for the entire discs, scaled to the central metallicity of each galaxy with X CO ∝ (Z) −1 . The radial profiles of the molecular gas mass we have obtained when using a constant X CO across the disc do not change significantly from those presented in the top panel of Fig. 2 .
Stellar mass maps
We obtain the stellar mass map from the S4G survey, as derived in Querejeta et al. (2015) . These authors apply a methodology that allows to separate the emission from the stars and the dust emission using the 3.6 µm and 4.5 µm from Spitzer. Detailed method followed by these authors to decontaminate hot dust emission in 3.6 µm is based on the expected colours of the different sources emitting at these bands. The final surface density at 3.6 µm in units of MJy/sr and decontaminated from dust emission is transformed to stellar surface density mass following Eq. 6 in Querejeta et al. (2015) . In this equation a single mass-to-luminosity ratio of M/L=0.6, using Chabrier IMF, is assumed. Radial stellar profiles for M 101 and NGC 628 are presented in the second panel of Fig. 2 . No decontamination of the bulge has been done. Both galaxies belong to the S4G survey and were classified as objects hosting a pseudobulge: some contamination from the bulge can be expected though limited to the inner R≤0.1R 25 (Salo et al. 2015) .
RESULTS
Chemical evolution scheme and effective yield profiles
For the purpose of this work, we have used the scheme of the simple model (SM) (e.g. Pagel & Patchett 1975; Edmunds 1990 ) as a guide to characterize the chemical evolution of our galaxies (although it is well known that it can not provide a complete description of a chemical system). In the SM the system starts with an initial pristine mass of gas and no stars, and metallicity is driven by star formation. The SM assumptions include instantaneous recycling and complete mixing of the ISM, as well as constant stellar yield and IMF. The well-known solution for the SM
relates Z gas , the metallicity of the gas expressed in mass fraction of metals, and µ = M gas /(M gas + M star ), the gas mass fraction, for the corresponding gas mass, M gas , and stellar mass, M star , being y the true yield of the stellar metal production (see below). A convenient measure of the efficiency of gas enrichment in heavy elements is the "effective yield", y eff (Edmunds 1990; Dalcanton 2007) , defined as
This is a useful indicator that measures how much the metallicity of a galaxy deviates from what would be expected for a system with the same gas mass fraction, but that have evolved in a closed box SM framework, i.e. with no flows of gas (inflow or outflow) allowed. Quoting Edmunds (1990) the effective yield y eff of a chemical system is the metal yield that would be derived if that system were assumed to be a closed box SM. We have derived the gas mass fraction and stellar mass radial profiles for M 101 and NGC 628 and have applied the SM framework to obtain their spatially resolved effective yield, y eff . All the relevant quantities were derived spatially resolved for both galaxies. Here Z gas has been obtained directly from the oxygen abundance, 12+log(O/H), and throughout this work we refer to this quantity as the mass fraction of oxygen, calculated as Z gas =11.81 (O/H). The profiles of the gas mass fraction, µ, were obtained using the corresponding radial profiles of both galaxies derived in Section 2.2.
From the theoretical side, the metal yield integrated for a single generation of stars, p, can be obtained as the IMF mass weighted integral of the stellar yield predicted by theoretical nucleosynthesis models for each star of given mass; in this way the integrated yield of a given element for a single (Walter et al. 2008 ) and the 12 CO(2-1) observations to derive Σ gas are from (Leroy et al. 2009 (Leroy et al. , 2013 . Gas oxygen abundances are from Croxall et al. (2016) and Berg et al. (2015) for M101 and NGC 628, respectively. Stellar metallicities are obtained from Lin et al. (2013) and Sánchez-Blázquez et al. (2014) for M101 and NGC 628, respectively. Σ gas has been obtained assuming a X CO factor depending on the metallicity at each radial distance. Each data point represents the mean and the uncertainty of the mean for each elliptical ring. The uncertainties in the mean values are generally smaller, when not shown, than the points. The shaded area corresponds to the standard deviation of the values within each ring. In the case of the gas oxygen abundance the shaded area shows the ±1σ area above the radial gradient, where σ is the standard deviation of the oxygen abundance at each radial bin. See the text for the references of the sources of original data and of previous work on dust content.
stellar population represents the total amount of newly produced element (e.g. oxygen) by this population. Since very low mass stars (below 0.8 M ) and stellar remnants, in fact, would not contribute with matter to the ISM, we must define the real "return fraction" R of the total stellar mass of a stellar generation which is restored to the ISM (modulo the assumed IMF). With these definitions the "true" yield can be derived as
where the quantity 1−R represents the mass that is locked up in stars. Different values of the yield can be achieved depending on the IMFs and stellar nucleosynthesis prescriptions, for the same metallicity range; in the case of oxygen this appears strongly dependent on the set of nucleosynthesis prescriptions and the IMF. In the work of Vincenzo et al. (2016) the oxygen yield was computed for a set of three IMFs (Salpeter 1955; Kroupa 2002; Chabrier 2003 ) and a set of stellar yields (Romano et al. 2010) ; they found the important results that the oxygen stellar yield behaves approximately independent of metallicity and that it has a strong dependence on the assumed IMF. Taking p=0.007 from Vincenzo et al. (2016) as the lower limit for the integrated yield of oxygen (assuming no rotation (Nomoto et al. 2013 ) and one third solar metallicity with R=0.3), would lead to a true yield y= 0.01 for the metallicity range 0.005 ≤ Z ≤ 0.02. Recent work by Prantzos et al. (2018) included stellar rotation velocity (0, 150 and 300 km/s) finding that the average true yield could be increased by a factor ∼ 2 (for a Kroupa IMF, 13 to 120 M ). The comprehensive works by Mollá et al. (2015) and more recently Mollá et al (2018, in preparation) carried out extensive computations of true yields (including oxygen) for a large set comprising 6 IMFs plus 6 sets of nucleosynthesis prescriptions for massive stars and 4 for low-intermediate mass stars; for each of these possible combinations the yields were computed for 7 metallicities (Z =0.000, 0.0001, 0.0004, 0.004, 0.008, 0.02, 0.05). Examination of their results gives reasonable y values for oxygen typically between ∼ 0.002 to ∼ 0.01 (i.e. from logy∼ -2.7 to logy∼ -2), with no dependence on metallicity. It is clear that assuming different combinations of stellar nucleosynthesis, IMFs and metallicity lead to a range for the theoretically predicted values of the oxygen true yield. Besides, we should bear in mind that models should assume an effective mass limit for a massive star (e.g. ≥ 40 M ) to leave a black hole remnant, eventually enclosing a significant part of the nucleosynthesis products. From the empirical side, derivations of the oxygen yield can be obtained measuring the maximum observed (plateau) of the oxygen abundance in spirals discs, which is expected to occur towards the central parts of the most luminous galaxies (e.g. Pilyugin et al. 2007 ); these authors find an empirical oxygen yield of y = 0.0035 2 ; they corrected for a fraction (0.08 dex) of the total oxygen assumed to be incorporated into dust grains. Similar empirical values for the oxygen yield have been obtained; and the value y = 0.004, (i.e. logy= -2.4), was adopted in the well known work of Dalcanton (2007) . An interesting complementary empirical derivation was performed by Kudritzki et al. (2015) based on the observed local abundance gradient of OB stars in the Galaxy, which they calibrated with the help of a chemical evolution model. This approach lead the authors to derive an oxygen yield y = 0.00313, assuming R = 0.4, a value in good agreement with the determinations mentioned before, considering the differences in metallicity data source and methods used. In summary, typical empirical estimates of the oxygen yield y cluster between 0.003 to 0.004 (i.e. between logy∼ -2.5 to -2.4). Taking into account both, the empirical derivations and the theoretical predictions of the true yield, and their uncertainties as illustrated before, we relax here the expected value of the true yield of oxygen to within the reference range -2.6 ≤ log y ≤ -2.2.
The radial profiles of the effective yield have been de-2 Strictly speaking this value would provide a lower limit to the true yield rived for M 101 and NGC 628 and they are shown in Fig. 3 . In order to correct the yields for the amount of oxygen depleted onto dust grains, a depletion factor of 0.12 dex (Peimbert & Peimbert 2010) has been adopted; all the effective yield values derived here have been corrected by adding this factor. We can see that all the effective yield values derived here for both galaxies show log y eff ≤ -2.2, below the upper face value of the range adopted for the true yield. For all the radii of NGC 628 the effective yield derived is within this reference band. This is also the case for a major part of M 101 (R/R 25 ≤ 0.7) which shows values consistent to within the errors with the reference band, whereas the outer points (R/R 25 ≥ 0.8) of M 101 present smaller effective yield values clearly departing from the SM picture. This fact illustrates how the 'closed box model' can not provide a good description of the chemical evolution of the entire M 101 disc for a reasonable expected value of the yield, since the outermost points of its profile strongly suggest the presence of gas flows. Following Dalcanton (2007) the effect of gas inflow is expected to be small, whereas for even moderate gas outflows a substantial reduction of the effective yield could be observed. Besides that, the N/O radial gradient measured for M 101 looks very well delineated and a small scatter is shown in the N/O versus O/H plot (Croxall et al. 2016 ), a feature that goes against the presence of massive (external) gas inflow. In the case of NGC 628, assuming plausible values of the expected true yield we can accommodate all the observations, thus rendering unnecessary any substantial contribution from gas flows, according to the derived effective yield profile. Nonetheless, we should bear in mind that a moderate unenriched gas infall could not be discarded due to its minimal (detectable) effect in the effective yield (e.g. Dalcanton 2007), as mentioned before. As we can see in Fig. 4 , the oxygen abundance appears well correlated with ln (µ −1 ), the natural log of the inverse gas fraction, for the two galaxies illustrating the locus of the SM of chemical evolution. However for M 101, for radii R ≥ 0.7 R 25 the observed correlation between oxygen abundance and inverse gas fraction is lost, showing that the 'closed box model' does not seem suitable for the outer parts of this galaxy. A similar figure for a large sample of low metallicity galaxies has been presented recently (De Vis et al. 2017 ). The results obtained we believe are of relevance for the understanding of the behaviour of the metals and dust radial profiles derived for both galaxies, as discussed later in this work.
Spatially resolved chemical budget
The spatially resolved oxygen budget has been computed across the radial profiles of M 101 and NGC 628. To do so we first calculate the total amount of oxygen measured along the disc, adding the oxygen content in the stars and in the gas, as well as the correction due to the expected amount of oxygen in dust grains. For each galaxy, the oxygen content in the stars is derived radially as the product of the profile of stellar mass of each galaxy times its corresponding radial profile of stellar oxygen abundance, in mass fraction, as presented in Sect. 2. As for the gas, the total oxygen content has been computed for each galaxy as the product -at each radius-of its radial gradient of oxygen abundance of the ionised gas, in mass fraction, times the radial profile of the total gas mass (neutral and molecular; i.e. ionised gas has been neglected). The final oxygen budget has been refined adding a correction accounting for the fraction of oxygen expected to be in dust grains, computed from the expected factor of depletion of oxygen in dust grains in H ii regions of ∼ 0.12 dex (e.g. Peimbert & Peimbert 2010) . The budget of the "measured" oxygen for each galaxy -'total oxygen' in the plots-can be compared, at each radius, with the expected production of oxygen that has been delivered from stellar nucleosynthesis. This latter bulk stellar production has been calculated at each radius as the product of the (IMF averaged) true yield of oxygen adopted -see previous section-, times the stellar mass radial profile. We show the results in Fig. 5 for M 101 (left panel) and for NGC 628 (right panel). The production of oxygen expected from the stars is presented for two values of the true oxygen yield, log y = -2.2 (∼ solar oxygen) and log y = -2.5 (∼ half solar), for illustrative purposes, encompassing the values of a useful comparison band according to theoretical and empirical predictions.
The first result for the figures is that, overall, the radial oxygen budget appears consistent with the observations of both galaxies for the range of values of the true yield adopted. Nonetheless, there are some differences between both galaxies for their oxygen budget comparison. In the case of M 101, the total oxygen measured is always in between the values of the theoretical estimations of the expected production for the two yields adopted; with the largest contribution to the total measured oxygen coming from the stars, whereas the ISM contribution is nearly an order of magnitude smaller in the inner parts but increases towards the outermost regions of the galaxy. We should bear in mind that we have shown how these outermost regions of M 101 diverge from the closed box model scenario, and we can see in the plot how the total oxygen for these regions (R ≥ 0.8 R 25 ) appears closer to the expected production corresponding to the lower true yield adopted (blue points).
In the case of NGC 628, the situation appears qualitatively similar, though this galaxy shows a bulk metallicity always higher than that of M 101 for each fractional radius. However, we can see how the expected oxygen production calculated for the higher true yield adopted (log y = -2.2) is above the measured total oxygen. When a true oxygen yield of log y = -2.5 is assumed the total oxygen measured agrees well with the expected stellar production within the errors for all except one point 3 . Of course if a higher value of the oxygen true yield were assumed then a correspondingly larger oxygen production would be predicted and consequently a deficit of oxygen deduced for the galaxy. The radial chemical budget of the inner disc (up to ∼ 0.6 R 25 ) of NGC 628 has been studied in a recent paper by Belfiore et al. (2016) finding that around 50 % of the metals of the disc were lost, and also that an episode of late time metal enriched gas accretion was present. These results could be reconciled with our findings considering that the oxygen abundances they used are substantially higher and were derived from bright line calibrations (we have used direct oxygen abundances). Also their assumed true yield of oxygen was higher -by 0.2 dex-than the upper boundary (log y = -2.2) of the band for the true yield of oxygen adopted here.
Derivation of dust mass
We derive the dust mass in each pixel of M 101 and NGC 628 using the same methodology as described in Relaño et al. (2018) . We explain here the main steps of the methodology and refer the reader to Relaño et al. (2018) for further technical details. We apply the dust model from Desert et al. (1990) and assumed that the spectral shape of the ISRF 4 is that of Mathis et al. (1983) to fit the observed SED in each pixel of the galaxy disc. The Desert et al. (1990) carbonaceous material, and big grains (BGs) of astronomical silicates. In order to perform the fit of each individual SED, we first create a library of models with different values of Y i (Y i = M i /M H , for i = PAH, VSG, and BG), G 0 (the scaling factor relative to the solar neighbourhood ISRF given in Mathis et al. (1983) ), and G NIR (the scale factor of the NIR 1000 K black body continuum). Then, we convolve the SEDs of each dust model in the library with the corresponding filter bandpass of our observations to obtain the fluxes in each band for each library model. From the probability density function (PDF) generated in the fit we retrieve the best fit parameter values and the corresponding uncertainties. We take the mean of the PDF as the best parameter value and the 16th-84th percentile range as an estimate of its uncertainty. With the best fit parameters we can derive the dust mass in each pixel of the galaxy as:
In the fit procedure we have taken only the SEDs with reliable flux measurements in all bands: only pixels with fluxes above 3σ in all the bands were taken into account. Finally, we eliminate all the fits with χ 2 red ≥ 4.0 and χ 2 red ≥ 2.0 for M 101 and NGC 628, respectively, in order to obtain reliable dust masses. The relative uncertainties for the dust masses in the final set of pixels are within 10-30% for both galaxies. The dust masses for NGC 628 agree with those derived by Aniano et al. (2012) when the difference of the extinction coefficients between Desert et al. (1990) and Draine & Li (2007) is taken into account. In Fig. 6 we show the dust surface density map for M 101 (left) and NGC 628 (right). We see that the map shows internal structures related to the main star-forming complexes within the galaxies and in both objects we are able to derive dust masses up to radii closer to R 25 . n any case, care should be exercised when studying the outer regions of the spiral discs since very low surface brightness, diffuse components of gas and dust could still be present, and they either simply could remain undetected due to their low signal to noise (below detection treshold), or may represent only a tiny contribution in the derivation of radial profiles of the integrated properties. In Fig. 7 we show the radial profiles of the dust mass surface density maps for M 101 and NGC 628. Dust mass radial profile for NGC 628 has been previously derived by Muñoz-Mateos et al. (2009) using only Spitzer bands (e.g. up to 160 µm).
They find higher dust masses in general and a steeper radial profile than what is found here. Our dust mass estimations are more reliable as they are obtained with data that cover the whole IR SED peak.
Derivation of the gas to dust ratio
The gas-to-dust mass ratio (GDR) map for each galaxy is obtained from the total gas mass and the dust mass maps derived in Sections 2.2 and 3.3. In Fig. 8 we show the GDR maps for M 101 (left) and NGC 628 (right). While the GDR of NGC 628 seems to be relatively constant across the disc of the galaxy, the GDR of M 101 shows a significant increase towards the outer parts of the galaxy. A radial profile of the GDR map for each galaxy presented in Fig. 9 shows the different behaviour with galactocentric radii for both galaxies. The GDR of NGC 628 increases very smoothly with galactocentric radius, while the GDR of M 101 shows a significant increase towards the outer parts of the galaxy. The values of the GDR for both galaxies agree with the values reported by Sandstrom et al. (2013) after taking into account the different extinction coefficients to derive the dust masses. These authors also found significant high values of GDR in the outer parts of M 101, while for NGC 628 the GDR map they present is more smooth. The GDR radial profile of M101 presented here also agrees with the one presented in Chiang et al. (2018) .
DISCUSSION
GDR relation with metallicity and molecular content
In order to study the chemical evolution and the dust content of M 101 and NGC 628 we have derived the radial profiles of the total gas mass and stellar mass of the galaxies extracted from the 2D data, as well as the maps of the dust mass and of the GDR (Figs. 6 and 8, respectively). These maps show a clear radial trend and also considerable spatial structure going from the inner parts to the outer disc. In both cases the outermost ring beyond 0.8 R 25 appears less populated with emission regions, though some big star-forming complexes (like NGC 5471 in M 101) are still present as well as more sparse emission. The results obtained for both galaxies have been derived in a consistent way so as to be compared independent of the precise assumptions adopted (e.g. derivation of the molecular gas and of dust components).
In Fig. 9 we can see how the two galaxies show quite different radial profiles of the GDR. Whereas for NGC 628 the profile appears nearly flat moving between GDR ∼ 200 to 400 for the whole range of galactic radius, the case of M 101 presents an apparently broken radial profile shape starting from GDR values similar to the ones derived for the inner disc of NGC 628, however beyond 0.5 R 25 the GDR profile becomes very steep reaching well above GDR ≈1000 in the outermost disc region.
The chemical evolution of both galaxies would be consistent with the SM as judged from their radial profiles of the effective yield of oxygen if we assume a lower band for the true yield between solar to half solar (-2.5 ≤ log y ≤ -2.2), and allowing for a 0.12 dex correction for oxygen depletion onto dust grains. However, while this situation appears to hold for the complete disc up to the optical radius for NGC 628, for M 101 applies till R/R 25 ≈ 0.7. Beyond this radius the derived profile of the oxygen effective yield of M 101 suggests that a moderate gas outflow could be invoked there. Some small inflow component could not be discarded but its effects should be hardly noticeable, especially given the higher gas fraction already present in its outer disc (e.g. Dalcanton 2007) . Massive inflow does seem less likely judging from the well defined N/O versus O/H relation observed in this galaxy 5 . These results qualitatively agree with previous findings in the literature (Kudritzki et al. 2015; Zasov et al. 2015) , though in the case of NGC 628 an important loss of metals has been proposed especially for the inner regions ). Nonetheless, we should bear in mind that these previous works have used oxygen abundances derived with bright line abundance calibrations that can suffer from well-known important uncertainties (see Sect. 2). The radial GDR profile and the spatially resolved effective yield are compared across both galaxies, sampling one dex range in O/H. Here we empirically present the relationship between the gas to dust mass ratio and chemical abundance obtained across both galaxies. In the left panel of Fig. 10 we show the behaviour of the GDR versus the oxygen abundance, 12+log(O/H), for M 101 (circles) and NGC 628 (squares). A clear two slopes behaviour is seen with a break at 12+log(O/H) ≈ 8.4; below this value of oxygen a steep negative slope (∆ logGDR/∆ log(O/H)≈ -1.3) is present, mostly defined by the external (metal poor) points of the disc of M 101. For higher metallicities the slope is still negative but much shallower, and it seems similar for both galaxies to within the errors. The observational trend shown here appears consistent with that one found by Rémy-Ruyer et al. (2014) for a sample of galaxies. These authors present a broken power law to describe the observational behaviour of the GDR versus a single value of 12+log(O/H) for a large sample of galaxies. Their break at 8.10±0.43 appears consistent, within the errors, with the break at 12+log(O/H) ≈ 8.4 found in this work. Rémy-Ruyer et al. (2014) found a break when a constant Galactic X CO factor was used, as well as when a X CO factor scaled with the metallicity of the galaxy was applied to each object. Here we have used a variable X CO factor that scales with the metallicity (measured) at each galactocentric radius across the galaxy. We have also derived the GDR using a constant X CO factor for the whole disc, scaled with the central metallicity, of each galaxy (see Sect. 2.2).
In this case, the radial variations of GDR obtained for both galaxies show the same trend as in Fig. 9 . Our results are in good agreement with the findings of the recent detailed work across the M 33 disc done by Relaño et al. (2018) . In the left panel of Fig. 10 we show the theoretical predictions of (Asano et al. 2013a ) which define a critical metallicity highlighting this change in slope. We can see that our observations agree with the chemical evolution models of Asano et al. (2013a) for star formation time scales of 0.5-5 Gyr.
In the right panel of Fig. 10 the derived GDRs for M 101 (circles) and NGC 628 (squares) are shown against the corresponding log(N/O) ratios across their discs. A strong correlation is present for both galaxies within the metallicity range typically associated to secondary nitrogen production, i.e. for log(N/O) ≥ -1.4 (above this N/O value, the break in GDR vs. oxygen abundance -as seen in the left plot-corresponding to log(N/O) ∼ -1.1), whereas no correlation is shown below this N/O value, sharing all the points the same average N/O, characteristic of primary nitrogen production at low metallicity.
The effects of the different chemical evolution and the spatial profiles of the oxygen effective yield derived for both galaxies could be translated onto an effective dust yield for stellar dust production and onto the dust growth component of the rich ISM, especially in the inner galaxy. In this scenario, the largest GDR values obtained in this work have been derived for the outer disc of M 101, where the largest deviations from the SM yield are measured. In Fig. 11 we show the GDR derived across both galaxies versus the corresponding values of the effective yield of oxygen. We can see how the lower values of the GDR derived for M 101 and the GDR for the entire disc of NGC 628, all between 200 < GDR < 500, correspond to those regions of the galaxies presenting an effective yield broadly consistent with the SM of chemical evolution. Conversely, it is for the lowest values of the effective yield that we see the highest GDR values derived for the outermost disc of M 101.
In the framework of the Asano et al. (2013a) models, a two slopes behaviour is predicted for the GDR against Rad (R25) Figure 11 . GDR versus the logarithmic of the effective yield for M 101 (circles) and NGC 628 (squares).
12+log(O/H); these models suggest the existence of a critical metallicity, when stardust production equals grain growth, for which a change in the slope of GDR against metallicity should be observed. Asano's models predict the slope to be steeper in the critical metallicity regime (0.05≤Z/Z ≤0.3) defined in Galliano et al. (2017) as observed here. Hints for the existence of an overall behaviour of GDR versus metallicity have been shown in previous studies using diverse samples of galaxies (e.g. Sandstrom et al. 2013; Rémy-Ruyer et al. 2014) , with a somewhat large scatter probably mostly associated to the different sample definition and diverse origin of the individual objects (see e.g. Galliano et al. 2017) included; these two branches have been observed also for M 33 by Relaño et al. (2018) . More recent models have been performed by Zhukovska (2014) reproducing this relation of GDR versus metallicity and adding the effects of episodic star formation histories on the ISM dust growth. The growth of dust grains in the ISM is needed to balance the overall dust budget, adding to the stardust production and compensating by the dust sink of grain destruction which is believed to be associated to SN blast waves (likely also to a hard radiation field), also allowing for the possible net dust loss linked to gas outflows. Within the above mentioned theoretical framework for the evolution of dust content it is predicted that the accretion time for grain growth is expected to be proportional to the inverse of the metallicity and to the inverse of the fraction of cold (molecular) component of the ISM. We have defined a proxy to trace this fraction of cold ISM component using the molecular to total gas mass ratio, Σ H 2 /Σ gas , across the galaxies. In Fig. 12 we present the behaviour of the derived GDR against the cold ISM fraction mapped by Σ H 2 /Σ gas across both galaxies. The colour coded points help us follow their radial positions across the discs. The GDR shows a close relation with Σ H 2 /Σ gas , in this case, it seems to be complementary to what is shown in Fig. 10; i.e. it is now the lower GDR values (GDR 400) that appear very well sampled and extended along the Σ H 2 /Σ gas axis. Both galaxies are seen to share a strong correlation with a shallow negative slope above Σ H 2 /Σ gas ≈ 0.1. For the regions with a very low molecular fraction, mainly populating the outer disc of M 101, the GDR vs. Σ H 2 /Σ gas slope is nearly vertical in the plot, witnessing a strong non dependence of the high GDR values of these regions on the ISM grain growth.
The observed trend of GDR versus Σ H 2 /Σ gas has been linked to grain growth, which should take place in regions of the ISM of intermediate to high metallicity (Galliano et al. 2017 ). This fact can be interpreted as a straight (causal) effect, but also a complementary scenario could be invoked in which a significant amount of hydrogen molecules can form on the surfaces of the dust grains; and thus, an enhanced Σ H 2 /Σ gas relative content should be found associated to those regions with more dust grains and high surface dust density.
We have empirically unveiled here a twofold behaviour for the GDR: the gas-to-dust ratio is seen to correlate with metallicity (12+log(O/H)), and also with the molecular fraction of the total gas content. A clear change in the observed slopes is seen for: a) 12+log(O/H) ∼ 8.3 to 8.4, the critical metallicity predicted in Asano's models; this value appears to be similar for the two discs studied here, though for NGC 628 the points do not enter into the steep slope regime delineated clearly by M 101 outer points; and, b) Σ H 2 /Σ gas ∼ 0.2, above which the points from both M 101 and Rad (R25) Figure 12 . The behaviour of the gas to dust ratio GDR against the cold ISM fraction as mapped by Σ H 2 /Σ gas . Points are colour coded for M 101 (circles), and NGC 628 (squares).
NGC 628 sample the observed correlation, though NGC 628 is clearly dominating in this regime. For higher oxygen abundances, up to 12+log(O/H) ≈ 8.8, (∼1.4 solar), the negative slope of the relation GDR vs. (O/H) is much flatter than the one for the lower abundance branch, reaching to 12+log(O/H) = 7.9. In contrast, against Σ H 2 /Σ gas , the GDR behaves nearly insensitive to the molecular gas fraction below Σ H 2 /Σ gas ∼ 0.2, whereas a clear and definite correlation of GDR with Σ H 2 /Σ gas can be appreciated for the regions located above this value (see Figs. 10 and 12 ). Therefore we propose an empirical relationship between GDR and the combination of these two parameters, 12+log(O/H) for metallicity, and Σ H 2 /Σ gas which is used as a proxy of the cold molecular clouds relative content, we believe these relations can describe better the complex behaviour of the GDR over the entire range of variations observed here. Empirical fits for these relations have been derived as follows: 
The relation between GDR and 12+log(O/H) at low metallicity depends on the star formation time scale, showing substantial scatter for a given O/H, as seen in the observations (e.g. Rémy-Ruyer et al. 2014) and, according to theoretical models, it also depends on the critical metallicity (e.g. Asano et al. 2013a) . As indicated before for oxygen abundances below 12+log(O/H) < 8.3, Eq. 4 has been obtained from a fit to M 101 points only. For M 101 the critical metallicity inferred here is consistent with the value found for NGC 628, to within the errors, and similar to the one for M 33 derived by Relaño et al. (2018) , who presented a spatially resolved GDR versus 12+log(O/H) relation in line with our findings. Bearing in mind the small number of low metallicity discs studied so far with spatially resolved data, we would expect comparable values of the critical metallicity to be derived for those galaxies for which M 101, NGC 628 and M 33 can be seen as representative objects (i.e. sharing similar star formation activity, star formation time scalesfew Gyr-, chemical abundances and related properties). For these galaxies, the relation between GDR and 12+log(O/H) in the low metallicity range of Eq. 4 could bring us a guide, though with large uncertainty until more spatially resolved studies are available. Fig. 12 illustrates very well the shallow slope found here for the GDR versus molecular fraction relation and also the small role (∼30% change) played by the oxygen abundance in the fit for the inner galactic regions presenting higher molecular fraction.
Stellar dust production
At this stage we can use the predictions from chemical evolution models, including metals and dust production/destruction in galaxies (e.g. , in order to try to understand the results obtained. As a matter of fact, we can proceed exploring the component of stellar production of dust, which according to models could be associated to the stellar 'dust yield'. In this respect, we have searched for a correlation between the spatially resolved dust surface density profile and the oxygen abundance spatial profile for both galaxies. In the left panel of Fig. 13 the relation is presented of the dust mass surface density (in M /pc 2 ) versus the metallicity as derived across M 101 and NGC 628. An overall correlation can be seen with the lowest metallicity points (i.e. outermost regions of M 101) associated to the lowest dust mass surface density but growing slowly up to 12+log(O/H) ∼ 8.3 to 8.4, where a discontinuity is apparent, above which the slope clearly increases again, though showing a systematic difference in oxygen abundance of ∼0.15 dex higher for NGC 628 points; possibly a non negligible abundance difference, but here we should bear in mind that for NGC 628, although the average fit to the oxygen abundance gradient w.r.t. R/R 25 showed systematically higher abundances than in the case of M 101, its scatter was also larger (∼±0.15 dex) than for M 101.
In the right panel of Fig. 13 the dust mass surface density is plotted against the stellar mass surface density across both galaxies. A strong and clear correlation is observed and now all the points for both galaxies are located following well the same relation, without an obvious discrepancy in the loci of both galaxies. Again two main regions with two (somewhat) different slopes are present, below and above of a (small) discontinuity apparent for a dust surface density of log (Σ dust /(M pc −2 )) ≈ -1.5 (this value corresponding to the region around critical metallicity, as can be read in the left panel), with the steeper slope derived for log Σ dust < -1.5 (in the same units) corresponding to the regions of lower metallicity and lower stellar density. This result can be expected according to chemical evolution dust models (e.g. , top panels of their Fig. 4) , from which we can anticipate that, for metallicities below Z≈0.01, all models covering a large range in dust growth parameter predict that the dust mass produced should be always proportional to the metallicity, for a large range (within a factor of 10 3 ) in the dust yield to metal yield ratio; the absolute level of the dust mass produced being proportional to the dust yield adopted. Above Z≈0.01, the role played by the dust growth parameter appears very important, and the relation between the logarithmic of the dust mass and the logarithmic of the metallicity appears non linear, with (at least) two other zones in the relation with different shapes when going to higher (super solar) metallicities, as observed in this work.
In Fig. 13 , near the discontinuity seen in the right panel mentioned above, a (small) local maximum in the logΣ dust versus logΣ star relation of M 101 appears, traced by the points for a value of Σ star ∼ 10 M /pc 2 . For this local maximum the corresponding normalized radius is R/R 25 ∼ 0.55, equivalent to ∼ 7.9 in the disc of M 101. It is worth noting here that M 101 presents a well behaved rotation curve in the inner part of the galaxy for radial distances lower than 7 , whereas a distorted outer part has been revealed for radii > 7 (Bosma et al. 1981) . The radial distance of the observed local maximum of ∼ 7.9 appears just beyond the limit defining the outer distortet part of M 101. Interestingly enough, over the radial range 7 -9 , Mihos et al. (2013) have found changes in the photometric profile slope of M 101 for the various octants of the disc analysed.
We have explored further the role of Σ dust /Σ star as a proxy for an empirical estimation of the stellar dust yield (stardust). Σ dust is a balance between the amount of dust produced by the stars, that one destroyed by SN shocks and the amount formed by accretion in molecular clouds. In the top panel of Fig. 14 we show Σ dust /Σ star versus oxygen abundance 12+log(O/H). The relation observed presents a constant -within the errors-value of Σ dust /Σ star ≈0.003 (close to the value of the oxygen yield derived here, see Sec. 3.1) corresponding to low metallicity in the outer galaxy points. We expect that, as there is no molecular gas at these outer radii, the contribution of accretion to the dust budget is minimal, and therefore the amount of dust in this region is related to stellar dust production and destruction. This situation is holding until the critical abundance for M 101 is reached. Above 12+log(O/H) ≥ 8.3 to 8.4 a strong correlation is seen for both galaxies with a negative slope decreasing the empirical stardust production by an order of magnitude to Σ dust /Σ star ≈ 0.0003 for supersolar abundance, 12+log(O/H) ≈ 8.8. Again, above this value the oxygen abundances appear to be slightly larger (by ∼ 0.15 dex) for NGC 628 than for M 101.
It is clear that the ratio Σ dust /Σ star should depend on the star formation history of the system, spatially resolved across the discs of the galaxies. Since the absolute value of the total stellar mass across these galaxies can certainly be weighting the derivation of this ratio, we also have presented it against the N/O abundance ratio (see below), an intensive parameter which can be seen as a 'chemical clock' tracing the main nitrogen star producers, of typical age of order several Gyr, compared to ∼1 Gyr for the assumed dust life time (Galliano et al. 2017) . We note here that the data available do not allow to perform a detailed study in order to differentiate the two main contributors to the stellar dust: AGB stars, that inject dust in a timescale of 100-500 Myr depending on the star formation history, IMF and metallicity (Valiante et al. 2009 ); and SNe producing dust a few hundred years after the explosion (Todini & Ferrara 2001; Bianchi & Schneider 2007) . The stellar population studies available in the literature show radial age profiles that vary between 1-10 Gyr for NGC 628 (Zou et al. 2011; Sánchez-Blázquez et al. 2014 ) and 2-7 Gyr for M101 (Lin et al. 2013 ).
In the middle panel of Fig. 14, Σ dust /Σ star is now shown against the nitrogen to oxygen ratio, log(N/O), a proxy of the secondary nucleosynthesis production and thus an empirical 'chemical clock'. The correlation is strong now with no apparent difference in the relation between the points from both galaxies: all points sharing now the same locus on the plot. Therefore, we can say that N/O behaves as a good tracer of dust in this range -possibly better than the oxygen abundance-. We can see how for the abundance range of primary nitrogen production, i.e. represented here by the assumed log(N/O) ≈ -1.4, all (M 101) points show a value of Σ dust /Σ star constant and equal to the value quoted from the previous plot. Then, for larger values of log(N/O) across both galaxies -i.e. going towards the inner parts of the disc where gas is expected to be more chemically evolved with a secondary nitrogen production-points show a very low Σ dust /Σ star ratio. We speculate if this may suggest possible dust destruction mechanisms operating in addition to the ISM dust growth process mentioned before. However, it seems plausible that for the inner regions of these galaxies the Σ dust /Σ star ratio may be lower as a consequence of their higher past star formation, leading there to their higher stellar mass and faster chemical enrichment as inferred from the available data.
According to chemical evolution models with dust production (e.g. ) the chemical evolution of the 'stardust' production could be described as the one for an element with primary and secondary nucleosynthesis, as it is the case for nitrogen. In this case and following the theoretical prescriptions, our simple description would indicate that the linear part at low N/O should be tracing directly primary 'stardust' production, whereas the secondary part would be associated to a metallicity dependent dust yield, that assuming no growth nor destruction of dust in the ISM. In this scheme, for the low (primary) metallicity regime, the quotient between the dust to gas ratio and the metallicity would be equal to the ratio of the primary dust yield and the metal yield. In that case, our results above favour a value of the dust yield similar to the oxygen yield derived in this work, i.e. some 40% of the total metals yield (e.g. . Of course, since we here directly compared dust mass to stellar mass, we are dealing with the 'stardust' yield part of the dust production. Clearly, the corresponding dust production associated to ISM dust growth need to be added in further work.
In the bottom panel of Fig. 14 we have explored the behaviour of Σ dust /Σ star versus the surface density of the molecular cold gas fraction, Σ H 2 /Σ gas , as our empirical indicator of the galactic regions of ISM dust growth production predominance. We can see that the slope is again negative but now the range with a much shallower slope seems large, presenting a nearly similar value of Σ dust /Σ star for a substantial fraction of Σ H 2 /Σ gas from ≈0.2 up to 0.7, for both galaxies. The highest changes in Σ dust /Σ star in this plot are seen at the two extremes of very low (high 'stardust' production) and very high (low 'stardust' production) Σ H 2 /Σ gas .
Finally, it is worth mentioning that our interpretation of the empirical trends presented in this paper proposes a change of the main mechanisms contributing to the dust mass budget, from accretion at high oxygen abundances, to stellar dust production for oxygen abundance values lower than 12+log(O/H)∼8.4. However, we should keep in mind that this value of a 'critical metallicity' would agree with the metallicity at which the relative fraction to PAHs is expected to decrease from ∼3% to values less than 1% at lower metallicities . Further future work to study possible physical connections between the observed trends of GDR and the relative abundance of PAHs would be interesting.
CONCLUSIONS
In this work we have studied in detail the relation between dust and metallicity in the nearly face on nearby galaxies NGC 5457 (M 101) and NGC 628 (M 74) using high quality data available (including optical spectroscopy of the ionised gas, multi-band spectrophotometry of the stars, dust and gas, radio and millimetre observations of their neutral and molecular gas). Both galaxies can be considered prototype objects of its class and have a similar mass (log M /M ≈ 10.2), though they present apparently different environments and chemical and structural properties. We have combined the chemical abundances of the ISM and the stars of both galaxies with a detailed derivation of their dust content and of their chemical evolution. The main results obtained in this work are the following:
• The global budgets of metals and dust, and the chemical evolution, across M 101 and NGC 628 have been derived and analysed consistently for both galaxies, under the same physical assumptions. We have found that for both galaxies the overall metal budget could be consistent with the predictions of the simple model of chemical evolution if we assume an oxygen yield around half solar to one solar, close to the observational derivations (y≈0.003) and to some recent theoretical prescriptions, though other nucleosynthesis schemes predict higher values. Whereas the whole disc of NGC 628 appears to be consistent with this result, M 101 presents a deviation in the outermost region (R ≥ 0.8 R 25 ), suggesting non closed box gas flows there.
• The gas to dust mass ratio map for each galaxy is obtained from the maps of total gas mass and the dust mass that have been computed. Despite the presence of sufficient small scale structure across the maps, NGC 628 GDR seems to be relatively constant across the disc of the galaxy, while the GDR of M 101 shows a significant increase towards the outer parts of the galaxy. The GDR radial profiles of the galaxies show different behaviour with galactocentric radii, with NGC 628 increasing very smoothly with galactocentric radius, while for M 101 the GDR shows a significant increase towards the outer parts of the galaxy.
• The gas to dust mass ratio varies against the chemical abundance obtained across the galaxies showing a two slopes behaviour, with a break at 12+log(O/H) ≈ 8.4; showing a steep negative slope (∆ logGDR/∆ log(O/H)≈ -1.3) below this oxygen abundance. This result is found to be consistent with theoretical predictions which define a critical metallicity for this slope change (e.g. Asano et al. 2013a) , in the line of what is seen in recent observational studies for M 33 (Relaño et al. 2018) and from previous samples of star forming objects (e.g. Sandstrom et al. 2013; Rémy-Ruyer et al. 2014 ).
• We have found an empirical relation between the gas to dust ratio, metallicity and the fraction of molecular to total gas mass ratio, Σ H 2 /Σ gas . The GDR shows a very close relationship with metallicity for the lowest abundances, and with Σ H 2 /Σ gas for the higher metallicity, leading to the lower GDR values (GDR 400) measured, suggestive of ISM dust growth.
• It has been found that log Σ dust , the dust surface density, is well correlated with 12+log(O/H) and also with log Σ star , the stellar surface density, in agreement with theoretical chemical evolution models including dust (e.g. ). In the same vein, we have found that across both galaxies the ratio Σ dust /Σ star , an empirical proxy for the stellar dust production, is well correlated with oxygen abundance, 12 + log(O/H), and appears strongly correlated with log(N/O), i.e. the nitrogen to oxygen abundance ratio which is a direct indicator of primary to secondary nucleosynthesis, and which we propose as a tracer of the GDR and of the 'stardust' production behaviour. For abundances below the critical abundance, the 'stardust' production as measured by Σ dust /Σ star , gives a constant value (mainly in the M 101 outer regions) indicating that the (stellar) dust yield is similar to the value of the oxygen yield derived for the region (equivalent to some 40% of the total metal yield).
• We have found a relation of Σ dust /Σ star with the molec- Rad (R25) Figure 14 . Σ dust over Σ star versus 12 + log(O/H) (top), log(N/O) (middle) and molecular gas mass fraction (bottom) for M 101 (circles) and NGC 628 (squares).
ular gas mass fraction, Σ H 2 /Σ gas , which could illustrate the balance between 'stardust' production and ISM dust growth for M 101 and NGC 628. This relation shows a complex behaviour with a nearly constant 'stardust' component for a large range in molecular gas mass fraction values (0.2 < Σ H 2 /Σ gas ≤ 0.8); being the largest changes in Σ dust /Σ star seen at the extremes of low and high Σ H 2 /Σ gas . More deep observations and detailed analyses are needed before going further in this direction. A more quantitative analysis of the empirical scenarios here presented is underway, including data of three nearby spirals and the Milky Way. We are presently developing the application of the 'stardust' low-metallicity scenario with no dust growth, illustrated in this work, to a sample of low metallicity dwarfs to be presented in a forthcoming work (Relaño et al. in preparation) .
